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1. Introduction 
The factors governing enzyme locational specific- 
ity within the cell are not well understood. The study 
of mutants with defective enzyme compartmentation 
may prove valuable as an approach to the problem. 
In Escherichia coli such mutants were found for two 
systems. Some strains, unable to grow on non-fermen- 
table carbon sources, display the release of their ATP- 
ase from the membrane complex [ 1,2]. Certain chlo- 
rate-resistant mutants are unable to form a proper 
membrane aggregate of nitrate reductase [3,4]. In 
Neurospora crassa, some mutants, unable to use 
malate as sole carbon source, have been reported 
to show redistribution of malate dehydrogenase 
within the cell [5] . The developed system of organel- 
lar membranes should make enzyme mislocation in 
fungi a not uncommon mutational event. 
In the cysteine biosynthetic pathway of Aspergillus 
nidulans an auxotrophic mutant cysE-I was selected, 
which appeared to have no cysteine synthase (O- 
acetyl-L-serine acetate-lyase, adding hydrogen-sulphide, 
EC 4.2.99.8) activity in vivo. It was, however, demon- 
strable in vitro [6]. The findings, presented in this 
communication, indicate that at least one-third of 
cysteine synthase is associated with particulates in 
Aspergillus nidulans. This association of cysteine 
synthase is lost in cysE-l mutant. 
2. Materials and methods 
2.1. Strains, media and chemicals 
The strains, hiA- mecA-1 and biA-I mecA-1 cysE-I 
were isolated as described previously [6,7] The my- 
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Celia1 cultures were initiated from heavy conidial sus- 
pensions in flasks with 800 ml of minimal medium 
[8], containing (per litre) 2.5 g sodium nitrate and 
5 mg Tween 80, and supplemented with 35 pg biotin 
and 100 mg L-cysteine. The cultures were grown for 
14-16 h in an orbital incubator at 30°C and harvested 
when the fresh weight reached 4-S g. Cytochrome ( 
was obtained from Biomed, Krakbw, Poland, sorbitol 
and Triton X-100 from Koch-Light, Colnbrook, Bucks, 
England. The reagents used in cysteine synthase assay 
were as in [7] . Snail digestive juice was prepared after 
Jarige and Henry [9] and lyophilized. 
2.2. Preparation of cell lysate 
Modified Neurospora crassa procedure [lo] was 
used. The mycelium, collected on nylon fabric, was 
washed with water and twice in softening buffer (0.1 
M citrate - K2 HP04 at pH 5.5, 1 mM EDTA, 0.6 M 
sorbitol and 0.14 M 2-mercaptoethanol). It was then 
suspended in the same buffer with 500 mg of snail 
juice preparation in a total vol of 100 ml. The diges- 
tion was carried for 45 min at 37°C with slow agita- 
tion. The material was centrifuged at 500 g for 5 min 
and the pellet washed twice with fractionation buffer 
(10 mM potassium phosphate pH 7.5, 1 mM EDTA 
and 1 M sorbitol) by gentle resuspension and centri- 
fugation. The cells were suspended in 30 ml of frac- 
tionation buffer and lysed by six strokes at 1500 
rev/min in a glass-Teflon homogeniser. Unbroken 
cells and cell debris were removed by centrifugation 
at 600 g for 10 min and the supernatant (=cell lysate) 
taken for examination. 
2.3. Gradient centrifugation 
The particulate fractions were obtained by centri- 
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fugation of cell lysate at 15 000 g for 30 min. The solutions. The drops of fractions were allowed to 
pellet was brought to 0.4 ml with 30% (w/w) sorbitol reach their equilibrium position and their densities 
and suspended gently with a Pasteur pipette before were read from the graph. Each fraction was mixed 
layering on the gradient. Linear 30 to 60% (w/w) with a drop of 10% Triton X-100 and after 30 min 
sorbitol gradients (12 ml) were prepared in 10 mM samples were taken directly for enzyme assays. Cys- 
potassium phosphate pH 7.5, 1 mM EDTA. Centrifuga- teine synthase and cytochrome oxidase were assayed 
tion was done in a Beckman-Spinco SW 41 Ti rotor at as described in [7] and [ 1 l] , respectively. 
28 500 rev/min (g,, = 98 500) at 4°C for 60 min. 
Gradients were withdrawn with capillary and divided 
into approximately 20 fractions of 25 drops each. For 3. Results and discussion 
density measurment a linear gradient of carbon tetra- 
chloride and petroleum ether was prepared in a gradu- Centrifugal fractionation at 15 000 g of cell lysate 
ated cylinder and calibrated with a series of sucrose from biA-1 mecA-1 strain has shown that 30.3 + 6.6 
I * I , 
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Fig.1. Sorbitol density gradient profiles of cytochrome oxidase and cysteine synthase. The particulate fractions of biA-I mecA-1 
strain (A) and biA-I mecA-1 cysE--l strain (B) were prepared and centrifuged, and enzyme activities were measured in the gradient, 
as described in Materials and methods. (0) Cytochrome oxidase (0) Cysteine synthase. One enzyme unit corresponds to 1 pmol of 
product formed per min per ml. Recovery of the activities (activities layered on the gradient = 100%) was 70% for cysteine syn- 
thase and 100% for cytochrome oxidase. 
165 
Volume 58, number 1 FEBS LETTERS October 1975 
percent of cysteine synthase activity is sedimentable 
and consequently the particulate protein was about 
3-fold enriched in the enzyme. Cytochrome oxidase, 
a mitochondrial marker enzyme, was sedimentable to 
a similar extent (38.1 ? 1.9 percent) in the same ex- 
periments. These results would even be compatible 
with cysteine synthase being wholly particulate, if 
we assume that non-sedimentable activity was re- 
leased from particulate fractions during cell lysis. 
The sedimentation of particulate fractions through 
a density gradient produces a peak of cysteine syn- 
thase which bands at the same equilibrium position 
as the peak of cytochrome oxidase (fig. 1 A). The frac- 
tions with highest activity of cysteine synthase have 
density of 1.19 g per cm3, typical of fungal mitochon- 
dria. This evidence, although not complete, favours 
the mitochondrial location of cysteine synthase. 
In the strain biA-1 mecA-I cysE-l the particulate 
fraction is poorer in cysteine synthase activity than 
is the cell lysate and the distribution of the enzyme 
between supernatant and pellet is different from that 
of cytochrome oxidase. Only 4.4 + 1.8 percent of 
cysteine synthase was sedimentable in the experi- 
ments where 40.3 f. 4.0 percent of cytochrome oxi- 
dase was found in pellet. The density gradient obtained 
with this strain does not exhibit a typical distribution 
of cysteine synthase (fig.lB). The main peak of enzyme 
coincident with the peak of cytochrome oxidase is 
missing, and the residual activity present on the gradi- 
ent remains mostly on the top. 
The chaqge in density gradient profile of cysteine 
synthase introduced by the cysE-I mutation points 
to changed subcellular location of the enzyme. The 
nature of this change is not yet clear. Previous work 
on Aspergillus nidulans failed to show the presence 
of more than one cysteine synthase species. The activ- 
ity remained as one component during gel filtration 
and ion-exchange chromatography [6,7]. This does 
not entirely exclude, however, the possibility of 
cysteine synthase being in the form of heterotopic 
isozymes. Therefore it cannot be decided yet whether 
the cysE-l mutation results in selective loss or change 
of location of organellar enzyme form, or affects the 
location specificity properties of the entire popula- 
tion of cysteine synthase molecules. Further study 
of cysE-type mutants and mutants deficient in cys- 
teine synthase activity is expected to clarify this 
problem. It may also make it possible to determine 
if cysE-type mutations lie in the structural gene(s) 
of the enzyme. 
Acknowledgement 
This work was supported by the Polish Academy 
of Sciences, within the project 09.3.1. 
References 
[II 
I21 
[31 
141 
[51 
[61 
[71 
181 
191 
[lOI 
[Ill 
Nieuwenhuis, t;. J. R. M., Kanner, B. I., Gutnick, D. L., 
Postma, P. W. and Van Dam, K. (1973) Biochim. Biophys. 
Acta 325, 62-71. 
Daniel, J., Roisin, M-P., Burstein, C. and Kepes, A. (1975) 
Biochim. Biophys. Acta 376, 195--209. 
Reviere, C. and Azoulay, E. (1971) Biochem. Biophys. 
Res. Commun. 45, 1608&1614. 
MacGregor, C. H. and Schnaitman, C. A. (1974) J. 
Supramol. Structure 2, 715-727. 
Munkres, K. D., Benveniste, K., Gorski, J. and 
Zuiches, C. A. (1970) Proc. Natl. Acad. Sci. USA 67, 
263-270. 
Stqpieri, P. P., Pieniqiek, N. J., Bal, J. and Balbin, E. 
(1975) Acta Microbial. Polon., in press. 
Pieniqiek, N. J., StqpieA, P. P. and Paszewski, A. (1973) 
Biochim. Biophys. Acta 297, 37-47. 
Cove, D. J. (1966) Biochim. Biophys. Acta 113, 51-56. 
Jarrige, P. and Henry, R. (1952) Bull. Sot. Chim. Biol. 
34, 872-885. 
Weiss, R. L. and Davis, R. H. (1973) J. Biol. Chem. 
248, 5403-5408. 
Wharton, D. C. and Tzagoloff, A. (1967) in: Methods 
in Enzymology (Eastabrook, R. W. and Pullman, M. E., 
eds.), Vol. 10, p: 245, Academic Press, Inc., New York. 
166 
